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Method for Loading and Unloading Fixed Bed Reactor Catalyst 

The Invention describes a method and apparatus for loading and unloading 
vertical and multi-tube fixed bed reactor catalyst. The method for loading and 
unloading catalyst according to the invention Is meant a course to load and 
unload a catalyst or a filler particle with a diameter s; 1 5 mm using a loading and 
unloading system consisting of particulate absorbing tube (1) as the, main 
element The inlet end of the main apparatus particulate absorbing tube (1) 
has three flat gears of each circle spacing 120°, which are used to dredge the 
bridge formation of particle catalyst in reactor tubes (3) and eliminate the 
adhesion, lodge and block phenomenon of particle catalyst. The Invention has 
advantages of simple system structure of loading and unloading catalyst, easy 
elimination of bridge and bfock formation of particle catalyst, convenient 
operation, and Is also suitable for loading and unloading catalyst in Inert , 
atmosphere when the production is interrupted non-normally. 
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Method for Loading and Unloading Fixed Bed Reactor Catalyst 

Tha Invention relates to a method for loading and unloading a fixed bed reactor 
catalyst, particularly to a method for loading and unloading a vertical and 
multi-tube fixed bed reactor catalyst and main apparatuses therefor. 

The gas-flow conveying of particles is widely used In industry, agriculture and 
traffic departments, but in chemical field, its use in loading and unloading 
catalyst In vertical and multi-tuba fixed bed reactor has been rarely reported. 
The catalyst in the vertical and multi-tube reaction is usually unloaded using 
lower unloading method, that (9, tha catalyst fs discharged from the outlet at 
the bottom of the reactor. This method of unloading catalyst makes the 
discharge of catalyst Incomplete and the operation of difficult due to small 
diameter of reactor tubes, bridge formation, lodge and block, or adhesion on 
tube wall of particla catalyst in reactor tubes- Specifically when the catalyst is 
required to be protected in Inert atmosphere and to be sieved or the catalyst Is 
separated from filler particles, due to bulky equipments and serious dust 
pollution, larger troubles are brought to the operators. RO7906S discloses an 
apparatus and method for continuous unloading a catalyst in cylinder reactor, 
The method comprises discharging the spent catalyst in the cylinder reactor by 
continuous operation of two alternatively operating cyclones and vacuum air 
pump, but It does not relate to vertical and multi-tube reactors, nor bridge and 
block easily formed when loading and unloading catalysts. Br 75-06251 
discloses an apparatus and improved method for unloading a vertical and 
multi-tuba reactor catalyst. The patent raises to connect a movable tube head 
to an outlet of the reactor tube, and Insert a lance through the tube head into 
the reactor tube, vacuum air pump to make the particle catalyst in bed layer of 
the reactor tube flow to forcibly dredge bridge formation and eliminate block so 
as to smoothly discharge the catalyst. In order to make the whole bed layer 

2 

PAGE 25/50 1 RCVD AT 10/13/2004 12:59:28 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/1 * DNIS:8729310* CSID:651 699 7901 4 DURATION (mm-ss):13-52 



10/13/2004 12:06 FAX 651 699 7901 Robert J. Jacobson ©026/050 



catalyst in the reactor lube flow, large air flow and bulky pumping equipments 
are required, and thua energy consumption is high and oparation is 
inconvenient. 

The purpose of the invention Is to provide a method for unloading a vertical 
and multi-tube fixed bed reactor catalyst. 

Another purpose of the Invention is to provide a method for loading a vertical 
and multi-tube fixed bed reactor catalyst. 

The third purpose of the -invention is to provide main element for use in a 
system of loading or unloading catalyst I.e. particulate absorbing tube, 

The invention Is achieved by following solutions: 

When a catalyst Is unloaded, gas flow of negative pressure generated by a 
vacuum air pumping apparatus passes through annular space between the 
reactor tube and the particulate absorbing tube to catalyst bed layer interface, 
carries the particle catalyst through the particulate absorbing tube into 
gas-soild separator to settle and collected at the lower portion of the separator, 
and then is discharged out intermittently; superfine catalyst dust passes 
through dust collector together with gas flow of negative pressure and is 
collected, tall gas is exhausted by a vacuum system. 

When a catalyst Is loaded, gas flow of negative pressure generated by a 
vacuum air pumping apparatus passes through the particulate absorbing tube 
to carry the particle catalyst from the catalyst container to catalyst loading 
funnel, after the catalyst reaches to a certain amount, air pumping is stopped, 
the switch at the lower portion of the catalyst loading funnel is opened, then the 
catalyst is introduced into the reactor tube through a reagent loading tube. 
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Regarding the main element particulate absorbing tube for use in a system of 
loading and unloading catalyst Its Inlet end has three flat gears of each tfrde 
spacing 120°, which are used to dredge the bridge formation of particle 
catalyst in reactor tubes and eliminate the adhesion, lodge and. block 
phenomenon of particle catalyst. 

The method for loading and unloading a vertical and multi-tube fixed bed 
reactor catalyst and the structure of the main apparatus particulate absorbing 
tube for us© In the system of loading and unloading catalyst according to the 
invention are described detalledly In combination with figures as follows: 

Fig. 1 is a sketch map of flow of unloading particle catalyst according to the 
invention. 

Fig. 2 is a sketch map of flow of loading particle catalyst according to the 
Invention. 

Fig. 3 is an explosion view of Inlet end of particulate absorbing tube (1). 

It can be seen from Fig. 1, catalyst unloading system is composed of following 
elements and apparatus; the inlet end of movable and rotary metal particulate 
absorbing tube (1) passes through concentric gas flow inlet outlet three-way • 
pipe (2) to catalyst bed layer interface in reactor tube (3), the other end of 
particulate absorbing tube (1) Is connected to gas-solid separator (5) through a 
particulate absorbing tube (4), the top of the separator (5) Is connected to dust 
collector (7), the bottom of the separator (5) Is mounted wfth a va|ve (10) and 
connected to a catalyst container (6) through particulate discharging tube (9). 
The dust collector (7) is connected to a vacuum air pumping apparatus (8), a 
valve (11) is connected to the concentric gas flow inlet outlet three-way pipe 
(2). 

The operation steps of unloading catalyst according to the invention are as 
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follows: inserting the inlet end of particulate absorbing tube (1) through 
concentric gas flow inlet outlet three-way pipe (2) into reactor tube (3) until bed 
layer interface of catalyst, opening a valve (11) connected to concentric gas 
flow inlet outlet three-way pipe (2), starting up vacuum air pumping apparatus 
(6), passing the gas flow of negative pressure produced by (8) through the 
annular space between the reactor tube (3) and particulate absorbing tube (1) 
to catalyst bed layer Interface, moving the particulate absorbing tube up and 
down at bed layer Interface or adjusting negative pressure gas flow rate, the 
negative pressure gas flow carrying the particle catalyst through particulate 
absorbing tube (4) into gas-solid separator (5) and being collected at its bottom, 
superfine catalyst dust exhausting from the outlet at the top of gas-solid 
separator (5), collecting it through a dust collector (7) and discharging it 
Intermittently from the collector (7),opening a valve (10) at the bottom of (5) , 
and a valve (12) over the catalyst container (6), discharging the catalyst 
Intermittantly through particulate discharging tube (9) Into a catalyst container 
(6). 

If the catalyst is required to be discharged under protection conditions of inert 
gases, in the system for unloading catalyst, a valve (11) may be directly 
connected to inert gas source (such as nftrogen), 

It can be seen from Fig. 2, the catalyst loading system is composed of the 
following elements and apparatus: an Inlet end of particulate absorbing tube (1) 
Is inserted Into a cataryst container (6) and extended to catalyst interface, the 
other end is connected to a catalyst loading funnel (14) through a particulate 
absorbing tube (4), the lower portion of loading funnel (14) passes through 
reagent loading tube (15) and concentric gas flow inlet outlet three-way pipe (2) 
and then is inserted Into reactor tube (3), the upper portion of loading funnel 
(14) is connected to a dust collector (7) and concentric gas flow Inlet outlet 
three-way pipe (2), dust collector (7) Is connected to a vacuum air pumping 

PAGE 2SV50 * RCVD AT 10/13/2004 12:59:28 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/1 * DN1S:8729310 * CSID:651 699 7901 * DURATION (mm-ss):13-52 



10/13/2004 12:07 FAX 651 699 7901 



Robert J. Jacobson 



© 029/050 



apparatus (8). 

The operations steps of loading catalyst according to thB Invention are as 
follows: opening a valve (16) between a particulate absorbing tube (4) and a 
catalyst loading funnel (14). closing a valve (17) under (14), a valve (18) 
side-over (14) and a valve (19) connected to the upper of (14), concentrio.gas 
flow Inlet outlet three-way pipe (2) and a dust collector (7), Inserting a 
particulate absorbing tube (1) into a container (6) filled with catalyst, straight to 
the catalyst interface, opening the valve (12) over (6), starting up the vacuum 
air pumping apparatus (8), moving particulate absorbing head around the bed 
layer Interface or adjusting air pumping gas flow rate to make negative 
pressure of gas flow produced by (8) carry the partide catalyst through a 
particulate absorbing tube (1) and a particulate absorbing tube (4) into catalyst 
loading funnel (14). superfine catalyst dust is exhausted from the outlet at the 
top of (14), collected through a dust collector (7) and discharged Intermittently, 
when the amount of catalyst in catalyst loading funnel (14) reaches to a 
predetermined value, air pumping la stopped, vafves (18, 19) are opened to 
reconvert the system to normal pressure, a valve (16) is closed, a valve (17) is 
opened, the catalyst In catalyst loading funnel (14) is slowly placed through 
reagent loading tube (1 5) and concentric gas How inlet outlet three-way pipe (2) 
Into the reactor tube (3). 

If the catalyst is required to be loaded under the protection conditions of inert 
gases, In the system of loading catalyst, a valve (12) over the catalyst 
container (6) and a valve (18) side-over the catalyst loading funnel (14) may be 
directly connected to Inert gas source (such as nitrogen). 

In the method of loading and unloading according to the invention, the particle 
stee of catalyst is 515mm, inert filler with same particle size may be loaded and 
unloaded. 
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In the method of loading end unloading according to the invention, each 
element of catalyst loading and unloading system is sealed with rubber 
elements or connected with pipeline. 

It can be seen from. Fig. 3, the inlet end Df particulate absorbing tube (1]has 
three flat gears of each circle spacing 120°, the height (h) of flat gears is about 
1/3 of the diameter (d b )of particulate absorbing tube (1) (i.e. h=1/3 d b ). 

Particulate absorbing tube (1) is used to the key element in the system of 
loading or unloading- catalyst, the diameter (d b ) of particulate absorbing tube (1) 
is less than the tubular diameter (Dm,) of the reactor tube (3), Its length Is about 
5-10% greater than that of the reactor tube (3). Particulate absorbing tube (1) 
is usually made by screw connecting a plurality of short metal, pipes, and can ■ 
move up and down, right and left, and rotate In positive and negative directions, 
ft inlet end has three flat gears of each circle spacing 120°, which are used to 
dredge the bridge formation of particle catalyst In reactor tubes and eliminate 
the adhesion, lodge and block phenomenon of particle catalyst. With the 
unloading of catalyst, bed layer interface is lowered, particulate absorbing tube 
(1) moves down to ensure continuous and complete unloading of catalyst in 
the reactor tube (3). The other end of particulate absorbing tube {1) is 
connected to gas-solid separator (5) through particulate absorbing tube (4), 
acting on leading gas-solid conveying stream. The ratio of the diameter (d b ) of 
particulate absorbing tuba (1) to the diameter (d p ) of catalyst or filler particles is 
db/dpS3. 

The concentric gas flow inlet outlet three-way pipe (2) according to the 
Invention can be not only used for loading or unloading catalyst at a 
atmosphere-communicating condition but also used for loading or unloading 
catalyst or filler particles at the protection condition of inert gases (such as 
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nitrogen). 

The gas^solld separator (5) according to- the invention Is used In the system of 
unloading catalyst, Its side has an Inlet of gas solid stream, its lower end has a 
collection portion of solid particles and discharge outlet its portion is 
broadening section, its lower portion Is conical contracting section, after 
negative pressure gas flow or inert gas flow enters Into the broadening section 
of gas-solid separator (5), gas flow rate is reduced abruptly so that the catalyst 
or filler particles cannot be carried and fall Into the bottom of separator (5) so 
as to achieve separation of the gas and solid. Gas-solid separation may be 
carried out using cyclone separation structure. 

The catalyst loading funnel (14) according to the invention is a gas solid 
separator with a marked capacity scale, which is transient or locally transient, 
and its inner catalyst interface can be seen. It is used in the system of loading 
catalyst. Its top has an outlet for gas flow, an inlet of inert gas or free air, the 
upper end of Its side has an inlet of gas solid stream, its lower end has solid 
particle collection section and a discharge outlet to be beneficial to separation 
of gas and solid and determine the amount of catalyst or filler particles to be 
loaded in the reactor tube (3) every time. 

There are an Inlet or outlet of inert gas or free air and a valve (12). above the 
catalyst container (6) according to the invention. For a system for unloading 
catalyst, there is also a valve (13) for discharging catalyst at the lower portion 
of the container (6), When the catalyst or filler particles in the container (6) are 
filled up, the valve (1 3) is opened, the catalyst or fiW&r particles are discharged 
into a special container. 

The particulate dischanging tube (9) according to the invention may be 
optionally moveable up and down, right and left. In the system of unloading 

8 
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catalyst, if the positions of particulate discharging tube (9) and particulate 
absorbing tube (1) are exchanged, the catalyst unloading system can be 
converted into the catalyst loading system. 

The invention can simultaneously load or unload the catalyst or filler particles 
in a plurality of reactor tubes so as to Expedite the loading and. unloading of 
catalyst. 

The invention has the following advantages: 

1. The structure of catalyst loading and unloading system Is simple, other 
assistant equipments are not needed, and efficiency is high. 

2. Since the key apparatus, particulate absorbing tube, is used in the catalyst 
loading and unloading system, the loading and unloading of various 
catalyst and filler particles which are easily bridged, bond, lodged or 
blocked can be easily carried out. 

3. The used vacuum air pumping apparatus is small fn load and equipment, 
and low in energy. Since the diameter of reactor tube In vertical arid 
multi-tube fixed bed reactor is usually small, very small flow amount of gas 
can produce enough high linear velocity of gas flow so as to achieve the 
requirement of carrying catalyst or filler particles. At the same time,, since 
the Invention uses particulate absorbing tubes, It is only required that the 
gas flow of negative pressure round the inlet end of the particulate 
absorbing tube fulfills the requirement of carrying catalyst particles, 
required pressure- drop is very low, vacuum air pumping apparatus f 3 
required to have low load of air pump, small air pumping amount and small 
air pumping apparatus, however, said method of the prior art Br75-06251 
requires bed layer catalyst movable, required pressure drop is high, flow 
amount of gas Is large, and energy consumption is high, and assistant 
lances are required to eliminate bridge and block formation. 

4. It is suitable for loading and unloading particulate materials of large size, for 
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example, catalysts of diameter d p =8-16 mm as well as ■inert fillers, 3uch as 
ceramic balls, corundum balls, can be loaded and unloaded 6moothly, and 
bridge cannot be formed. 

5. Use is flexible, and function Is multiple. It is suitable for loading and 
unloading catalyst in Vertical and multi-tube reactor of thin and long reactor 
tubes, specifically suitable in treatment of various exceptions occurred 
during the circulation of reactors when the. production Is interrupted 
non-normally and the catalyst Is required to be protected with inert gases. 

6. Since all operations are carried out at negative .pressure, exhausted gas 
flow passes through dust collector, the pollution of toxic dust is small, 

Following examples further describe the Invention, 

Example 1 

A vertical and multi-tube reactor of diameter b B s8b0nm, in which 144: reactor 
tubes of D ra =3B x 3.0 mm and length of 3400 mm are contained, according to 
predetermined loading requirement, each reactor tube is loaded with 
corundum bails with bed height of 300mm and diameter of 10mm. and 
spherical catalysts with bBd height of 2800mm and diameter d p =1.5-2.5mm, ■ 
and then corundum bails with bed height of 300mm and diameter of 5mm. At 
first, when the corundum balls of diameter of 10mm are poured in manually, 
bridge and block formations occur In about ten reactor tubes, and 
predetermined height requirements are not achieved, By using the method of 
unloading catalyst according to the Invention, and according to the flow of 
apparatus shown In Fig. 1, a particulate absorbing tube is stretched into the 
block point, and air pumping system Is started up to suck bridged and blocked 
corundum balls out, tnen according to apparatus flow shown in Fig. 2, 
corundum balls and catalysts are loaded so as to complete the loading, of 
catalysts smoothly. Used particulate absorbing tube is assembled with two 
metal tubes of length 1800mm and outer diameter dt>=30mm and a connection 

tn 
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tube head. 
Example 2 

In vertical and multi-tube reactor identical to In example 1, spent catalyst and 
filler particles are unloaded by using the method of Invention and according to 
the apparatus flow shown in Fig. 1. A particulate absorbing tube is stretched 
into the reactor tube until the bed layer interface, vacuum air pumping system 
is started up, ceramic balls of d p =5 mm, and collected into gas-solid separator, 
when the ceramic balls are sucked out, air pumping is stopped, the ceramic 
balls are discharged into the container (6) f and then collected Into a special 
container, stand-by. Air pumping rate is adjusted, the particulate absorbing 
tube is continuously inserted until the interface of spent catalyst, herein the 
spent catalyst of d p -1. 5-2.5 mm is discharged smoothly. No bridge and block 
are found, When the spent catalyst Is sucked out, air pumping is stopped, the 
spent catalyst Is discharged into the container (6), and then collected into a 
special container. At last, according to same steps, ceramic balls of dp^iomm 
are discharged completely, repeatedly, the catalyst and filler particles in 144 
reactor tubes are unloaded one by one, all catalyst dust is collected into cloth 
envelop collector. 

Example 3 

A vertical and multi-tube reactor consisting of 56 reactor tubes, each reactor 
tube has a diameter 0^=38x3. Onm, and a length of 3400mm. catalyst and filler 
particles are loaded according to the apparatus flow shown in Fig. 2 and 
subjected to amination reaction, upon completion, spent catalyst and filler 
particles are unloaded using 8 particulate absorbing tubes assembly in 
doublebank triangle arrangement, the Tiller particles (d p =6.0mm) of 300 mm 
height mounted at upper layer are first discharged, then the catalyst particles 
(d p s2.0mm) of 2800 mm height at middle section ara discharged, and last the 
filler particles (diameter 1 0mm) of 300mm height at lower layer are discharged. 
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By using the same vacuum air pumping system as in example 1, the spent 
catalyst and filler particles all discharged so as to. expedite the unloading 
greatly. 
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Claims 

1 . A method for unloading catalyst in vertical and multi-tube fixed bed reactor, 
characterized in that the catalyst Is unloaded using a catalyst unloading 
system with a particulate absorbing tube (1) as main element and 
according to the following steps: inserting the inlet end of particulate 
absorbing tube (1) through concentric gas flow inlet outlet three-way pipe (2> 
Into reactor tube (3) until bed layer interface of catalyst, opening a valve (11) 
connected to concentric gas flow inlet outlet three-way pipe (2), starting up - 
a vacuum air pumping apparatus (6), passing the gas flow of negative 
pressure produced by (8) through the annular space between the reactor 
tube (3) and particulate absorbing tube (1) to catalyst bed layer interface, 
adjusting air pumping gas flow rate to make the negative pressure gas flow 
carry particle catalyst through a particulate absorbing tube (4) Into a 
gas-solid separator (5), exhausting superfine catalyst dust from the outlet 
at the top of the gas-solid separator (5) and discharging the dust from a . 
dust collector (7) Intermittently, collecting the particle catalyst at the. bottom 
of the gas-solid separator (5), opening a valve at the bottom of (5) and a 
valve (12) over a catalyst container (6), discharging the catalyst 
intermittently through particulate discharging tube (9) into the catalyst 
container (6). 

2. The method for unloading Catalyst according to claim 1, characterized fn 
that the catalyst Is unloaded und.er the protection of an inert gas, In the 
catalyst unloading system, a valve (11) connected to concentric gas flow 
inlet outlet three-way pipe (2) Is directly connected to an inert gas source. . 

3. The method for unloading catalyst according to claim 1, characterized in 
that the catalyst has a partlcJe size S15 mm, an inert filler having same 
particle size is also unloaded. 
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4. The method for unloading catalyst according to clafm 1, characterized In 
that In catalyst unloading system, each element Is sealed with a rubber 
element or connected by pipeline. 

5. The method for unloading catalyst according to claim 1, characterized in 
that the tube diameter db of particulate absorbing tube (1) is less than the 
tube diameter (Dra) of a reactor tube (3), and its length is 5-1 Q% longer 
than that of the reactor tube (3), the inlet end of particulate absorbing tube 
(1) has three flat gears of each circle spacing 120°, the height (h) of the flat 
gears Is about 1/3 of the diameter db of particulate absorbing tube (1), the 
ratio of the diameter db of particulate absorbing tube (1) to that of catalyst 
dp is db/dpfc3, 

6. A method for loading catalyst In vertical and multi-tube fixed bed reactor, 
characterized in that the catalyst is loaded using a catalyst unloading 
system with a particulate absorbing tube (1) as main element and 
according to the following steps: opening a valve (16) between a particulate 
absorbing tube (4) and a catalyst loading funnel (14), closing a valve (17) 
under (14), a valve (18) side-over (14) and a valve (15) connected to the 
upper of (14), concentric gas flow inlet outlet three-way pipe (2) and a dust 
collector (7), Inserting a particulate absorbing tube (1) into a container (S) 
filled with catalyst until the catalyst interface, opening the valve (12) over 
(6), starting up the vacuum air pumping apparatus (8), adjustfng air 
pumping gas flow rate to make negative pressure of gas flow produced by 
(8) carry the particle catalyst through a particulate absorbing tube (1) and a 
particulate absorbing tube (4) Into catalyst loading funnel (14) r superfine 
catalyst dust Is exhausted from the outlet at the top of (14), collected . 
through a duet collector (7) and discharged Intermittently, when the amount 
of catalyst In catalyst loading funnel (14) reaches to a predetermined value, 

14 
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air pumping is stopped, valves (1 8, 18) are opened to reconvert.the system ■ 
to normal pressure, a valve (16) is closed, a valve (17) Is opened, the 
catalyst in catalyst loading funnel (14) is slowly Introduced through reagent 
loading tube (15) and concentric gas flow Inlet outlet three : way pipe (2) into 
the reactor tube (3). 

7. The method for loading catalyst according to claim 3, characterized in that 
the catalyst is loaded under the protection of an inert gas, In the catalyst 
loading system, a valve (12) over the catalyst container (6) and a valve (1 9) 
side-over a catalyst loading funnel (14) are directly connected to the Inert 
gas source. 

6. The method for loading catalyst according to claim 3, characterized in that 
the catalyst has a particle size £15 mm, an inert filler having same particle 
size is also loaded. 

9. The method for loading catalyst according to claim 3, characterized. In that 
In catalyst loading system, each element is sealed with a rubber element or 
connected by pipeline. 

10, The method for loading catalyst according to claim 3, characterized In that 
the tube diameter db of particulate absorbing tube (1) is less than the tube 
diameter (Dra) of a reactor, tube (3), and its length is 5-10% longer than that 
of the reactor tube (3), the Inlet end of particulate absorbing tube (1) has . 
three flat gears of each circle spacing 120*. the height (h) of the flat gears is 
about 1/3 of the diameter db of particulate absorbing tube (1), the ratio of 
the diameter db of particulate absorbing tube (1) to that of catalyst dp is 
db/dp*3. 
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